(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

07.03.2001 Bulletin 2001/10 

(21 ) Application number: 00307277.4 

(22) Date of filing: 23.08.2000 



(n) EP 1 081 480 A2 

EUROPEAN PATENT APPLICATION 

(51) IntClJ: G01L3/14 



(84) Designated Contracting States: 


• Eguchi, Yasuhito, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Intellectual Property Department 


MC NL PT SE 


Tokyo 141 (JP) 


Designated Extension States: 


• Sato, Naomasa, 


AL LT LV MK RO SI 


Intellectual Property Department 




Tokyo 141 (JP) 


(30) Priority: 30.08.1999 JP 24249799 


• Tanina, Shoji, Intellectual Property Department 




Tokyo 141 (JP) 


(71) Applicant: SONY CORPORATION 


• Hayashi, Toshiro, 


Tokyo 141 (JP) 


Intellectual Property Department 




Tokyo 141 (JP) 


(72) Inventors: 




* Ooshima, Syunji, 


(74) Representative: Pilch, Adam John Michael et al 


Intellectual Property Department 


D. YOUNG & CO., 


Tokyo 141 (JP) 


21 New Fetter Lane 




London EC4A 1DA (GB) 



(54) Torque detecting apparatus 

(57) A torque detecting apparatus (33) is capable of 
detecting torque with a simple structure and high preci- 
sion by way of transmitting drive force via a pair of rotary 
bodies (45,47) that cause their own relative position to 
be varied by effect of torque to enable detection of var- 
iation of resonant frequency corresponding to variation 



of the relative position under a non-contact condition, or 
by way of transmitting drive force via a pair of rotary bod- 
ies (45,47) that cause their own relative position to be 
varied by effect of torque to enable transmission of a 
modulated signal corresponding to variation of the rela- 
tive position under the non-contact condition. 
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Description 

[0001] The present invention relates to a torque de- 
tecting apparatus such as one that may be applied to 
an electromotive bicycle fitted with a motor as an auxil- 
iary drive source for example. 

[0002] Previously proposed electromotive bicycles 
have been so arranged that drive of the drive wheel can 
be assisted by motor-drive force in correspondence with 
operation of pedals performed by the user within such 
a scope that does not affect operating safety. 
[0003] Typically, in such an electromotive bicycle, the 
ratio between pedaling force of user and drive force of 
the motor is designated by an assist ratio. Practically, it 
is so arranged that the assist ratio can remain at 1:1 
within such a range in which the bicycle runs at a rela- 
tively slow speed up to 1 5km/h. On the other hand, it is 
so arranged that the assist ratio can gradually be de- 
creased from 1:1 to 1:0 in correspondence with actual 
speed within a scope from 15km/h to 25km/h. 
[0004] Because of the above arrangement, a variety 
of torque detecting mechanisms have been provided for 
conventional electromotive bicycles to detect actual pe- 
daling force generated by users to cause the motor to 
be driven based on the result of the detected pedaling 
force. 

[0005] For example, Fig. 29 is a lateral view showing 
such a torque detecting mechanism and the torque de- 
tecting device 1 which causes a planetary gear 2 to 
transmit pedaling force to detect actual pedaling force 
by way of detecting torque counter-force generated on 
the part of a stationary gear 3. 

[0006] In specific, as shown in a partially enlarged 
portion with arrow A, the torque detecting device 1 has 
such a structure in which the stationary gear 3 having 
teeth being formed along external circumference is se- 
cured to a stationary portion 4. The stationary gear 3 is 
secured to the stationary portion 4 by effect of a com- 
pressed spring 5 disposed between a projected piece 
3A projecting itself inside of the stationary gear 3 and 
another projected piece 4A projecting itself on the part 
of external circumference of the stationary portion 4. 
[0007] The planetary gear 2 is rotatably retained by 
an annular member 6, where the planetary gear 2 is dis- 
posed by way of engaging own teeth with the stationary 
gear 3 across approximately 120 degrees of angular in- 
terval on the part of external circumference of the sta- 
tionary gear 3. In the above-cited torque detecting de- 
vice 1, a crank is connected to the annular member 6. 
Motor drive force is transmitted via a further transmis- 
sion mechanism which is not shown in the drawing. 
[0008] In the torque detecting device 1, a drive gear 
8 is disposed by way of surrounding the planetary gear 
2. Teeth formed on the part of internal circumference of 
the drive gear 8 are disposed via engagement with teeth 
of the planetary gear 8. In the torque detecting device 
1 , the drive gear 8 is rotated by drive force transmitted 
to the planetary gear 2 via the crank whereby transmit- 



ting drive force further to a chain 9 being engaged along 
external circumference of the drive gear 8. 
[0009] When drive force is transmitted in this way, by 
way of resisting pressing force of the compressed spring 

5 5 after being affected by counter force of torque, as 
shown via arrow B, the stationary gear 3 displaces itself 
in correspondence with actual magnitude of torque. In 
response, the torque detecting device 1 causes torque 
to be converted into displaced amount of the stationary 

10 gear 3, where the torque is variable in correspondence 
with actual pedaling force. 

[0010] The torque detecting device 1 converts the dis- 
placed amount into electrical signal via a variable resis- 
tor or the like secured to the stationary portion 4, and 
15 then, after processing electrical signal, pedaling force of 
user can be assisted with motor drive force solely in 
such a case in which user actually operates pedals with 
own pedaling force. 

[0011] Fig. 30 is a plan view showing another example 
20 of a conventional torque detecting device 11, in which 
drive force is sequentially transmitted via a coaxially 
supported torque converter 13 and a drive-force trans- 
mitting rotary body 12. The torque converter 13 trans- 
mits drive force to the drive-force-transmitting rotary 
25 body 12 via an elastic member such as a spring elon- 
gating and contracting itself to subsequently cause rel- 
ative position of a pair of rotary bodies 12 and 13 to be 
variable in correspondence with drive force. 
[0012] In the torque converter 13, it is so arranged that 
30 projecting amount of a drive-force transmitting pin 14 
can be varied by the variation of the relative position of 
the above two rotary bodies, and yet, as is designated 
by reference code C, it is so arranged that a receptive 
plate 1 5 rotatably being held by a shaft can be displaced 
35 by the drive-force transmitting pin 14. In the torque de- 
tecting device 11, it is so arranged that the receptive 
plate 15 can be energized by a spring 17 secured to a 
stationary body 16, and yet, by way of expanding dis- 
placed amount of the receptive plate 15 by applying a 
40 lever 1 8, the displaced amount is transmitted to another 
torque detecting device 19. For example, the torque de- 
tecting device 19 comprises a variable resistor whose 
resistance value is variable in correspondence with the 
displaced amount transmitted via the lever 18. Accord- 
45 ing to the above arrangement, the torque detecting de- 
vice 11 transmits any variation on the rotary bodies cor- 
responding to actual torque to the stationary members, 
and then, after properly processing electrical signal 
transmitted from the variable resistor, the torque detect- 
50 ing device 11 detects drive torque. 

[0013] Figs. 31 A and 31 B are a plan view and a lateral 
view of a still further example of the conventional torque 
detecting device. A torque detecting device 21 incorpo- 
rates a first rotary body 22 and a second rotary body 23 
55 which are respectively disposed via coaxial structure. 
The first rotary body 22 is rotated by the pedaling force 
of user, whereas the second rotary body 23 is engaged 
with a chain 24. The first rotary body 22 and the second 
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rotary body 23 respectively transmit drive force via an 
elastic member such as a spring to cause reiative posi- 
tion to be variable in correspondence with actual pedal- 
ing force. 

[0014] Further, a window 22A and another window 
23A are individually provided for the first rotary body 22 
and the second rotary body 23 so that they superpose 
with each other. Whenever the relative positions of the 
first and second rotary bodies 22 and 23 are shifted, it 
is so arranged that dimension of aperture formed by the 
windows 22A and 23A can be varied as well. 
[0015] A light-emitting unit 26 and a light-receiving 
unit 27 are secured to the torque detecting device 21 so 
as to sandwich the aperture. By causing the light-receiv- 
ing unit 27 to detect measuring light emitted from the 
light-emitting unit 26, the torque detecting device 21 de- 
tects such a torque-detect signal comprising a certain 
duty ratio being subject to variation in correspondence 
with actual pedaling force generated by user, as shown 
in Fig. 32. 

[0016] Nevertheless, in such a conventional structure 
using a planetary gear as was described earlier by re- 
ferring to Fig. 29, it is quite essential that structure in the 
periphery of the stationary gear be strong enough to 
withstand pedaling force and drive force, whereby en- 
tailing complex structure, and yet, increasing weight. 
Further, it also entails problem in that operating efficien- 
cy remains low, and yet, the structure may require gen- 
eration of useless force. 

[0017] On the other hand, in such a system that me- 
chanically detects variation of the relative position of the 
two rotary bodies as was described earlier by referring 
to Fig. 30, compared to the case of utilizing a planetary 
gear, overall structure can be simplified, and yet, gen- 
eration of noise can be suppressed. Nevertheless, when 
utilizing this system, in order to mechanically transmit 
the result of pedaling force detected on the movable 
side, it is essential that the receiving plate 15 be finely 
fabricated with precision. This in turn entails the com- 
plex structure, thus raising problem as well. Further, 
quality degradation during the service term caused by 
the wear between the rotary bodies and the stationary 
body also raises another problem. 
[0018] On the other hand, in such a system that opti- 
cally detects variation of the relative position of a pair of 
rotary bodies as was described above by referring to 
Fig. 31, it is possible to detect the result of computing 
pedaling force detected via variation of relative position 
of the two rotary bodies under non-contact condition, 
and thus, problems arising from the above-referred two 
system can be solved. However, when utilizing the op- 
tical detection system, torque is intermittently detected, 
and thus, in order to reduce such a period entailing dif- 
ficulty to detect torque, it is essential that the number of 
aperture be increased. Further, in order to improve de- 
tecting precision, it is also necessary to enhance preci- 
sion for forming apertures, whereby causing the 
processing work to entail complexity to raise another 



problem. 

[0019] Aside from the above systems, such a method 
for detecting pedaling force by way of checking loos- 
ened amount of the chain has also been proposed. How- 
5 ever, none of the above-referred torque detecting sys- 
tems has ever been proven to be practically sufficient. 
[0020] According to one aspect, the present invention 
provides: 

10 displacement detecting means for generating 
torque modulated signal which is modulated by 
torque signal corresponding to variation of relative 
position between a rotary body disposed on the part 
of drive source being variable in correspondence 
15 with torque and another rotary body disposed on the 
output side; and 

signal transmitting means for transmitting torque 
modulated signal from the drive-source-side rotary 
body to a stationary member or from the output-side 
rotary body to a stationary member under non-con- 
tact condition. 

[0021] According to the preferred structure, the torque 
detecting apparatus comprises a displacement detect- 
ing means for generating torque-modulated signal 
which is modulated by torque signal corresponding to 
variation of relative position between a rotary body dis- 
posed on the part of drive source being variable in cor- 
respondence with torque and another rotary body dis- 
posed on the output side and a signal transmitting 
means for transmitting torque-modulated signal from 
the drive-source-side rotary body to a stationary mem- 
ber or from the output-side rotary body to a stationary 
member under non-contact condition. Because of the 
above arrangement, it is possible for the stationary side 
to detect torque by way of demodulating the torque- 
modulated signal under non-contact condition, whereby 
enabling prevention of precision from incurring degra- 
dation otherwise caused by the wear of the components 
to eventually make it possible to correctly detect actual 
torque with high precision with a simple structure. 
[0022] The torque detecting apparatus embodying 
the present invention detects torque by way of transmit- 
ting drive force via a pair of rotary bodies that cause own 
relative position to be varied by effect of torque, to ena- 
ble detection of variation of resonant frequency corre- 
sponding to variation of relative position under non-con- 
tact condition or to enable transmission of modulated 
signal corresponding to variation of the relative position 
under non-contact condition, whereby enabling the ap- 
paratus to correctly detect actual torque based on a sim- 
ple structure with high precision. 
[0023] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1 is a block diagram of an electromotive bicycle 
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according to a first embodiment of the present in- 
vention; 

Fig. 2 is a lateral view of the electromotive bicycle 
according to the first embodiment of the present in- 
vention; 5 
Fig. 3 is a characteristic-curve chart which is ex- 
planatory of control operation executed by a motor 
controller 34 provided for the electromotive bicycle 
shown in Fig. 2; 

Figs. 4A and 4B a plan view and a cross-sectiona! 10 
view of a torque-detecting unit 33 provided for the 
electromotive bicycle shown in Fig. 2; 
Figs. 5A and 5B are a perspective view and a lateral 
view of a power-supply system provided for the 
electromotive bicycle shown in Fig. 2; 15 
Fig. 6 is a cross-sectional view of a sensor unit 53 
provided for the electromotive bicycle shown in Fig. 
2; 

Figs. 7A1 to 7D arewaveform charts for explaining 
the operation of the electromotive bicycle shown in 20 
Fig. 2; 

Fig. 8 is a block diagram of the electromotive bicycle 
according to a second embodiment of the present 
invention shown in comparison to Fig. 1 ; 
Fig. 9 is a block diagram of the electromotive bicycle 25 
according to a third embodiment of the present in- 
vention shown in comparison to Fig. 8;~ 
Fig. 10 is a cross-sectional view of a rotary trans- 
former provided for the electromotive bicycle shown 
in Fig. 9; • 3Q 

Fig. 11 is a block diagram of the electromotive bicy- 
cle according to a fourth embodiment of the present 
invention shown in comparison to Fig. 9; 
Fig. 1 2 is a simplified drawing representing the sen- 
sor unit of the electromotive bicycle shown in Fig. 35 
11; 

Fig. 13 is a block diagram of the electromotive bi- 
cycle according to a fifth embodiment of the present 
invention shown in comparison to Fig. 9; 
Fig. 14 is a cross-sectional view of a sensor unit pro- *o 
vided for the electromotive bicycle shown in Fig. 1 3; 
Fig. 1 5 is a cross-sectional view of a sensor unit ca- 
pable of varying resonant frequency via variation of 
inductance according to another embodiment of the 
present invention; 45 
Fig. 16 is a cross-sectional view of a sensor unit ca- 
pable of varying resonant frequency via variation of 
capacity according to another embodiment of the 
present invention; 

Fig. 17 is a cross-sectional view of a sensor unit 50 
based on a structure being different from the em- 
bodiment shown in Fig. 16; 

Fig. 18 is a cross-sectional view of a sensor unit ca- 
pable of varying capacity in correspondence with in- 
serting amount of dielectric; 55 
Fig. 19 is a cross-sectional view of a sensor unit ca- 
pable of varying capacity in correspondence with 
pressing force being applied; 



Fig. 20 is a cross-sectional view of as rotary trans- 
former according to another embodiment of the 
present invention; 

Fig. 21 is a cross-sectional view of coupling ele- 
ments each comprising an air-core coil incorporat- 
ing such a core according to another embodiment 
of the present invention; 

Fig. 22 is a cross-sectional view of coupling ele- 
ments comprising such a structure being different 
from the embodiment shown in Fig. 21; 
Fig. 23 is a cross-sectional view of coupling ele- 
ments respectively utilizing static capacity; 
Fig. 24 is a block diagram of signal transmission 
system formed by coupling elements shown in Fig. 
23; 

Fig. 25 is a cross-sectional view of coupling ele- 
ments each comprising such a structure being dif- 
ferent from the embodiment shown in Fig. 23; 
Figs. 26A and 26B are a perspective view and a 
cross-sectional view of power-supply system ac- 
cording to another form of the embodiment; 
Fig. 27 is a plan view of a system for controlling pow- 
er supply in correspondence with torque; 
Fig. 28 is a characteristic-curve chart explanatory 
of correction of torque-detecting characteristic; 
Fig. 29 is a plan view of the torque-detecting system 
using a planetary gear; 

Fig. 30 is a lateral view of the torque-detecting sys- 
tem based on displacement of relative positions of 
rotary bodies; 

Fig. 31 is a lateral view of the torque-detecting sys- 
tem using optical means; and 
Fig. 32 is a characteristic-curve chart explanatory 
of the torque-detecting system shown in Fig. 31 . 

[0024] Referring now to the accompanying drawings, 
practical forms of preferred embodiments of the present 
invention will be described below. 

The First Embodiment: 

[0025] Fig. 2 is a lateral view designating an electro- 
motive bicycle according to a first embodiment of the 
present invention. In an electromotive bicycle 31, a 
torque detecting unit 33 is secured to a crank-gear unit 
32. The torque detecting unit 33 detects actual pedaling 
force being generated. Based on the detected result, a 
motor 35 is driven via the control of a motor controller 
34 using power fed from a battery pack B. 
[0026] The electromotive bicycle 31 is based on so- 
called "front-drive" system which drives a front wheel via 
the motor 35, whereby simplifying structure in the pe- 
riphery of the crank-gear unit 32. The motor 35 is of out- 
er-rotor type in which stator and rotor are respectively 
connected to a front-wheel fork and the front wheel 
whereby enabling to perform "direct-drive" by way of 
driving the front wheel so that driving can be performed 
with minimum loss. The handlebar 36 of the electromo- 
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tive bicycle 31 is fitted with a display unit 37 to enable 
the driver to monitor remaining power of the battery pack 
B. Power can be turned ON by operating a power switch 
disposed at a location close to the display unit 37. 
[0027] Fig. 3 is a characteristic-curve chart denoting 
running characteristic of the electromotive bicycle. The 
characteristic curve denotes variation of driving force 
and running resistance caused by speed in a variety of 
gradients (shown in terms of angles) when climbing gra- 
dients are in the positive direction. In this case, the 
steeper the gradient, the greater the running resistance, 
and yet, when the running speed is accelerated, running 
resistance is also incremental because of wind loss. 
When the bicycle receives a certain drive force being 
greater than the running resistance, it accelerates own 
running speed to run faster. Conversely, when the bicy- 
cle receives such a drive force being less than the run- 
ning resistance, it decelerates own running speed, thus 
lowering the speed. The bicycle runs at a constant 
speed in a case in which running resistance coincides 
with the drive force. 

[0028] In the above-referred characteristic, as shown 
via reference code D, it is assumed that drive force gen- 
erated by user's pedaling operation (this is referred to 
as man-power drive force in the following description) 
remains constant until running speed reaches 25km/h; 
whereas when the bicycle runs at a speed beyond 
25km/h, drive force decreases relative to the increase 
of the speed In this kind of electromotive bicycle, it is 
so arranged that assist ratio remains at1 :1 or less when 
the bicycle runs within 0 through 1 5km/h of speed range, 
whereas when the bicycle runs within 15km/h (V1) 
through 25km/h (V2) of speed range, assist ratio grad- 
ually decreases from 1:1 to 1:0 in correspondence with 
actual running speed. Accordingly, in this case, as 
shown via reference code E, it is necessary to control 
motor-driven drive force (assisting drive force). In con- 
sequence, as shown via reference code F, total drive 
force comprising man-power drive force and assisting 
drive force doubles the man-power drive force until the 
running speed reaches 15km/h. 

[0029] Based on the above-specified characteristic, 
while the bicycle runs on plane, the motor controller 34 
accelerates the running speed up to the speed V3 
(which corresponds to approximately 27km/h in Fig. 3) 
at which characteristic curve at 0 degree of gradient in- 
tersects the total drive force. On the other hand, when 
the bicycle runs on the ground having 6 degrees of gra- 
dient, the motor controller 34 accelerates the running 
speed up to the speed V4 (which corresponds to ap- 
proximately 16km/h in Fig. 3) at which characteristic 
curve at 6 degrees of gradient intersects the total drive 
force. 

[0030] While performing the above operation, by re- 
ferring to the result of torque detection secured by the 
torque detecting unit 33 and the result of speed detec- 
tion secured by a speed detecting mechanism not 
shown, the motor controller 34 properly controls drive 



force of the motor 35 to surely drive the motor 35 based 
on the predetermined assist ratio. 
[0031] Figs. 4A and 4B jointly represent a plan view 
and a cross-sectional view showing the torque detecting 

s unit 33 together with peripheral structural components. 
In the novel electromotive bicycle 31, a crank shaft 41 
is rotatably supported by a frame 43 via a bearing 42. A 
pair of cranks 44 is secured to both ends of the crank 
shaft 41. In addition, a crank-side disc 45 is secured to 

10 the crank shaft 41 to enable the crank-side disc 45 to 
be rotated by pedaling force. 

[0032] The electromotive bicycle 31 is further provid- 
ed with a sprocket gear 47 via a bearing 46 coaxially 
with the crank-side disc 45 to enable drive force of the 

15 crank-side disc 45 to be transmitted to the sprocket gear 
47 via a predetermined transmission mechanism. Be- 
cause of this arrangement, the electromotive bicycle 31 
can also drive the rear wheel via a chain 49 engaged 
with the sprocket gear 47. 

20 [0033] The above-referred transmission mechanism 
comprises projections 45A and 47A which are respec- 
tively formed in opposition from the crank-side disc 45 
and the sprocket gear 47 and a spring 50 being an elas- 
tic member disposed between the above-referred pro- 

25 jections 45A and 47A. Based on this arrangement, the 
electromotive bicycle 31 transmits drive force of the 
crank-side disc 45 to the sprocket gear 47 via the spring 
50. It is so arranged that relative position of the crank- 
side disc 45 and the sprocket gear 47 can be displaced 

30 via elongation and contraction of the spring 50 being 
variable in correspondence with pedaling force. 
[0034] An end of lever 52 axially being supported by 
the crank-side disc 45 is pressed against the projection 
47A on the part of the sprocket gear 47 to cause the 

35 displacement of relative position of the crank-side disc 
45 and the sprocket gear 47 to be spread. Simultane- 
ously, the other end of the lever 52 is also displaced. 
The other end of the lever 52 is connected to a sensor 
unit 53 set to the crank-side disc 45. Simultaneously, the 

40 torque detecting unit 33 detects displacement of the oth- 
er end of the lever 52 via a signal processing circuit (not 
shown) set to the crank-side disc 45 and the sensor unit 
53. Further, coupling elements 54A and 54B are individ- 
ually disposed on the part of frame 43 at the base portion 

45 of the crank-side disc 45 and on the crank-side disc 45 
itself. The torque detecting unit 33 transmits the result 
detected by the sensor unit 53 to the frame 43 via the 
above-referred coupling elements 54A and 54B before 
eventually detecting actual torque by processing the de- 

50 tected result via a signal processor 55 disposed on the 
frame 43. 

[0035] Figs. 5A and 5B jointly represent a perspective 
view and a lateral view of power-supply system provided 
for a signal processing circuit disposed on the crank- 
55 side disc 45. Pair of slip rings 45C and 45D are disposed 
at the base portion of the crank-side disc 45. Likewise, 
pair of sliding elements 57A and 57B are disposed on 
the part of the frame 43 so as to come into contact with 
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the slip-rings 45C and 45D. The slip-rings 57C and 57D 
are respectively connected to the signal processing cir- 
cuit disposed on the crank-side disc 45, whereas the 
slip-rings 57A and 57B are respectively connected to the 
battery pack B via power switch. This enables the elec- 
tromotive bicycle 31 to feed power to the signal process- 
ing circuit disposed on the movable crank-side disc 45. 
[0036] Fig. 1 is a block diagram representing structure 
ranging from the sensor unit 53 to the motor 35 provided 
for the electromotive bicycle 31 . Actually, the sensor unit 
53 comprises a coil whose inductance is variable by the 
displacement of the other end of the lever 52. In con- 
junction with a resonant capacitor 61 held by the signal 
processing circuit 60, the sensor unit 53 makes up a res- 
onant circuit. 

[0037] More precisely, as shown in Fig. 6 via arrow F, 
as a result of the displacement of the other end of the 
lever 52, a movable piece 53A, which is composed of 
non-magnetic material such as aluminium or copper for 
example, of the sensor unit 53 is drawn out of an air- 
core coil 53B. When the movable piece 53B has been 
drawn out of the air-core coil 53A subsequent to the in- 
crease of pedaling force, it causes inductance to be In- 
creased by the amount corresponding to the increased 
pedaling force, thus further causing resonant frequency 
in a resonant circuit comprising resonant capacitor 61 
to be decreased. , . ; 

[0038] Based on resonant frequency generated by 
the resonant circuit, an oscillation circuit 61 shown in 
Fig. 1 oscillates and outputs sine-wave signal. As a re- 
sult, as shown in Fig. 7(A1 ) and (A2), the oscillation cir- 
cuit 61 outputs sine-wave signal S1 so that oscillated 
frequency can be varied in correspondence with actual 
pedaling force. In this embodiment, the movable piece 
53A is composed of aluminium. It is so arranged that the 
sine-wave signal S1 can be output by applying frequen- 
cy-modulated signal comprising 10MHz of carrier fre- 
quency and approximately 200KHz of deflected fre- 
quency. It is also possible to introduce a variety of forms 
of LC oscillation circuits such as Hartley type, or Colpitts 
type, or phase-inverted type, or the like, for example. 
[0039] After amplifying output signal S1 of the oscil- 
lation circuit 61, output circuit 63 outputs the amplified 
signal S1 to a coupling element 54A which is made of 
an air-core coil formed by wiring-pattern of a printed wir- 
ing board. The coupling element 54A is held in opposi- 
tion from the other coupling element 54B comprising 
structure exactly being identical to each other. The cou- 
pling element 54A transmits an output signal of the out- 
put circuit 63 to the other coupling element 54B. 
[0040] Based on the above structure, in the electro- 
motive bicycle 31, it is so arranged that the torque de- 
tecting unit detects actual pedaling force via variation of 
oscillated frequency from resonant circuit and then 
transmits the result of detection from the movable crank- 
side disc 45 to the stationary main unit without coming 
into contact with each other. In this embodiment, each 
of the coils 53B respectively making up the coupling el- 



ements 54A and 54B has about 7cm of diameter and 5 
turns. 

[0041] As shown in Figs. 7B1 and 7B2, receiver circuit 
64 amplifies output signal of the coupling element 54B 
5 and then outputs amplified signal. On the other hand, 
wave-shaping circuit 65 converts the output signal S2 
of the receiver circuit 64 into binary code and then out- 
puts a binary-coded signal S3. 

[0042] A dividing circuit (l/n) 66 divides the binary- 
10 coded signal S3 into a predetermined dividing ratio and 
then outputs a divided signal. On the other hand, as 
shown in Figs. 7C1 and 7C2, a high-pass filter (HPF)/ 
wave-detecting circuit 67 outputs a positive component 
of positive/negative signal generated from a band-limit- 
15 ed output signal. Note that Figs. 7C1 and 7C2 represent 
such a case in which dividing ratio stands at 2. 
[0043] As shown in Fig. 7D t a low-pass filter LPF 68 
filters out a pulse component by way of limiting frequen- 
cy-band of an output signal S4 out from the high-pass 
20 filter/wave-detecting circuit 67. As a result, oscillated 
frequency in the oscillation circuit 62 varies in corre- 
spondence with pedaling force to cause a torque detect- 
ing signal S5 to be output, where the signal S5 contains 
a DC-level being varied in correspondence with varied 
frequency. 

[0044] Accordingly, in this embodiment, the torque- 
detect signal S5 is processed by a micro-computer 69 
of the motor controller 34 and then the motor controller 
34 drives the motor 35 in accordance with the processed 
30 result via a drive unit 70. In this case, the motor 35 is 
driven in compliance with the operating characteristic as 
was described earlier by referring to Fig. 3. 
[0045] Next, by referring to Fig. 2, an operation of the 
electromotive bicycle related to the first embodiment will 
35 be described below. 

[0046] When the power switch disposed close to the 
display 37 is turned ON, the motor controller 34 starts 
operation to feed power to the torque detection unit 33, 
and then, in accordance with the detected result of ac- 
40 tual pedaling force identified by the torque detecting unit 
33, the motor 35 is driven. As a result, front wheel of the 
above electromotive bicycle 31 is driven in order that 
user's pedaling force can properly be assisted by drive 
force of the motor 35. 
45 [0047] Referring more particularly to Fig. 4, pedaling 
force is transmitted to the crank-side disc 45 via the 
crank 44, and then, the crank-side disc 45 is conveyed 
to the sprocket gear 47 via the spring 50 being an elastic 
member to cause the chain 49 to be driven by the 
so sprocket gear 47 to drive the rear wheel. Because of this 
mechanism, in the electromotive bicycle 31, whenever 
user's pedaling force has been strengthened in resist- 
ance against heavier pedaling effect, in other words, 
whenever the pedals are driven with greater torque, the 
55 spring 50 is substantially deformed to cause relative po- 
sition between the crank-side disc 45 and the sprocket 
gear 47 to vary. In the electromotive bicycle 31 , relative 
variation of relative position between them is expanded 
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by the lever 52 before eventually transmitting the actual 
result of variation to the sensor unit 53. 
[0048] Referring to Figs. 5A and 5B, in the electromo- 
tive bicycle 31 , power is fed to a signal processing circuit 
disposed on the crank-side disc 45 from the frame unit 5 
via a pair of slip-rings 45C and 45D disposed at the base 
portion of the crank-side disc 45 and a pair of sliding 
elements 57A and 57B respectively being in contact with 
the slip-rings 45C and 45D t whereby enabling the signal 
processing circuit to properly generate the sine-wave 10 
signal S1 corresponding to the displaced amount deliv- 
ered to the sensor unit 53. 

[0049] Referring to Fig. 6, in the electromotive bicycle 
31 , the movable piece 53A made from aluminium insert- 
ed into the air-core coil 53B of the sensor unit 53 is 15 
drawn out by the lever 52 to cause pedaling force to be 
strengthened. This in turn causes inductance of the air- 
core coil 53B to be increased by the amount correspond- 
ing to the strengthened pedaling force, whereby further 
causing resonant frequency generated by the air-core 20 
coil 53B and the resonant capacitor 61 to be lowered. 
When the oscillation circuit 62 utilizing the resonant cir- 
cuit built in the signal processing circuit disposed on the 
crank-side disc 45 generates sine-wave signal S1, it 
causes torque to be increased relative to the rise of pe- 25 
daling force to inversely lower frequency of the sine- 
wave signal SI by the amount corresponding to the in- 
creased torque. 
: [0050] In the electromotive bicycle 31 , after being am- 
plified by the output circuit 63, the sine-wave signal S1 30 
is transmitted to the frame unit via the coupling elements 
54A and 54B under the non-contact condition. An output 
signal out from the coupling element 54B is then divided 
by the dividing circuit 66 and then subject to band-re- 
striction by the high -pass filter 67 before being subject 35 
to wave detection. Next, the result of wave detection is 
integrated by the low-pass filter 68 whereby enabling to 
detect torque-detect signal S5 containing such a DC lev- 
el being varied in correspondence with actual pedaling 
force. 40 
[0051] Accordingly, in the electromotive bicycle 31 , it 
is so arranged that relative position of a pair of rotary 
bodies coupled with a spring can be varied by actual 
pedaling force. Compared to the case in which torque 
is detected by such a system utilizing a planetary gear 45 
as was described earlier by referring to Fig. 29 for ex- 
ample, overall structure can securely be simplified, and 
yet, generation of noise can be minimized. Further, be- 
cause of coupling effect via electromagnetic force gen- 
erated via utilization of the coupling elements 54A and so 
54B, resonant frequency of the resonant circuit being 
variable by actual pedaling force can be detected, 
whereby enabling to detect actual torque as of the non- 
contact condition to make it possible to correctly detect 
actual torque with a simple structure and high precision. 55 
Further, in place of such a discrete detection method as 
was previously described by referring to Fig. 31 , by way 
of detecting torque under non-contact condition, it is 



possible to detect variation of torque via continuously 
variable signal level, thus enabling the system to cor- 
rectly detect actual torque with simplified structure and 
high precision. 

[0052] By virtue of the above structural arrangement, 
when operating the novel electromotive bicycle, it is pos- 
sible to properly assist user's pedaling force with high 
precision, whereby properly assisting user's pedaling 
operation based on distinctive operating characteristic. 
[0053] According to the above-described structure, it 
is so arranged that relative position of a pair of rotary 
bodies coupled with a spring can be displaced by actual 
pedaling force to cause inductance to be varied by effect 
of the displacement. In addition, variation of resonant 
frequency caused by varied inductance can also be de- 
tected under non-contact condition via electromagnetic 
coupling generated via utilization of a pair of coupling 
elements 54A and 54B, whereby making it possible to 
properly detect actual torque with simplified structure 
and high precision. 

[0054] More particularly, movable side comprises the 
sensor unit 53 comprising a coil and the signal process- 
ing circuit, etc., whereas stationary side is composed of 
such a structure for processing transmitted signal, 
whereby enabling to detect actual torque based on sim- 
plified structure with compact size and light-weight. Fur- 
ther, it is also possible to prevent occurrence of loss in- 
cidental to utilization of a planetary gear. Further, owing 
to the provision of the sensor unit, higher degree of de- 
tecting precision can be secured, and yet, by virtue of 
torque detection under non-contact condition, reliability 
can be promoted. 

The Second Embodiment: 

[0055] Referring now to Fig. 8 designating a block di- 
agram of the electromotive bicycle according to the sec- 
ond embodiment of the present invention, practical form 
of the second embodiment will be described below. 
[0056] Except for the difference in the structure of a 
signal processing circuit 72 disposed on the crank-side 
disc 45, a novel electromotive bicycle 71 according to 
the second embodiment of the present invention com- 
prises such a structure identical to that of the electro- 
motive bicycle 31 according to the first embodiment, and 
thus, the following description solely refers to the differ- 
ent structure, whereby omitting duplicated description 
thereof. 

[0057] An oscillation circuit (OSC) 73 built in the signal 
processing circuit 72 generates locally oscillating signal 
based on a predetermined frequency. Next, in accord- 
ance with the locally oscillating signal, mixing circuit 
(MIX) 74 converts frequency of output signal out from 
the oscillation circuit 61 into higher frequency band. The 
signal processing circuit 72 outputs the frequency-con- 
verted result via the output circuit 63. 
[0058] According to the structure shown in Fig. 8, 
even when transmitting variation of resonant frequency 
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after conversion of frequency, it is possible to secure the 
same effect as was generated by the first embodiment. 
The Third Embodiment: 

[0059] Next, referring to Fig. 9 designating a block di- 
agram of the electromotive bicycle according to the third 5 
embodiment of the present invention, a practical form of 
the third embodiment will be described below. 
[0060] The electromotive bicycle 81 shown in Fig. 9 
enables an oscillation circuit 62 disposed on the part of 
the main body (frame-side) to detect variation of reso- 10 
nant frequency generated by the sensor unit 53 and the 
resonant capacitor 61 . 

[0061] More particularly, in the practical form of the 
third embodiment, a rotary transformer 82 is used for 
making up the coupling element. A resonant circuit com- 15 
prising the sensor unit 53 and the resonant capacitor 61 
is connected to a primary coil of the rotary transformer 
82. The oscillation circuit 62 is connected to a secondary 
coil of the rotary transformer 82, whereby enabling the 
oscillation circuit 62 to output sine-wave signal S1 based 20 
on resonant frequency of the resonant circuit connected 
via the rotary transformer 82. 

[0062] As shown in Fig. 10, the rotary transformer 82 
comprises a pair of disc-form magnetic material 82A and 
82B which are respectively wound on concentric circular 25 
winding slits and disposed in opposition from each other 
on the frame side and the crank side. 
[0063] A demodulation circuit 63A comprises the 
wave-shaping circuit 65, dividing circuit 66, high-pass 
filter 67, and the low-pass filter 68 described earlier by 30 
way of referring to Fig. 1 . The demodulation circuit 63A 
processes signal output from the oscillation circuit 62 
and then outputs a torque detecting signal S5 whose 
signal level is variable in correspondence with variation 
of resonant frequency. 35 
[0064] According to the structures shown in Fig. 9 and 
Fig. 10, even when the system detects variation of res- 
onant frequency by disposing the oscillation circuit on 
the part of the main body, the same effect as was gen- 
erated by the form of the first embodiment can be se- *o 
cured. 

The Fourth Embodiment: 

[0065] Referring now to Fig. 11 designating a block 45 
diagram of the signal processing circuit in conjunction 
with peripheral structural components of the electromo- 
tive bicycle according to the fourth embodiment of the 
present invention, a practical form of the fourth embod- 
iment will be described below. In place of the above- so 
referred signal processing circuit 60 and the sensor unit 
53 described earlier by referring to Fig. 1, a signal 
processing circuit 85 and a sensor unit 86 are respec- 
tively applied for the electromotive bicycle the fourth em- 
bodiment. 55 
[0066] The sensor unit 86 comprises a capacity-vari- 
able capacitor which varies own capacity via the dis- 
placement of the other end of the lever 52. Concretely, 



as shown in Fig. 12, the sensor unit 85 is so structured 
by way of inserting a certain number of movable elec- 
trodes 86B disposed in parallel with each other between 
a plurality of stationary electrodes 86A respectively be- 
ing disposed in parallel with each other. It is so arranged 
that the inserted amount can be varied by the amount 
of the displacement of the other end of the lever 52. 
[0067] In the signal processing circuit 85, a resonant 
circuit is formed by connecting the sensor unit 86 com- 
prising capacity-variable capacitors to a resonant coil 
87 in parallel to enable the oscillation circuit 62 to gen- 
erate s sine-wave signal S1 via resonant frequency of 
the resonant circuit. Based on this structure, in the prac- 
tical form of the fourth embodiment, resonant frequency 
of the resonant circuit is varied by causing capacity to 
be variable by actual pedaling force, and then, by way 
of detecting the resonant frequency, actual pedaling 
force can be detected. 

[0068] According to the structure shown in Fig. 1 1 and 
Fig. 12, even when detecting actual pedaling force via 
detection of resonant frequency after varying induct- 
ance, it is possible to achieve the same effect as was 
secured by implementing the form of the first embodi- 
ment. ' 

The Fifth Embodiment: 

[0069] Next, referring to Fig: 13 designating a block 
diagram of another signal processing circuit in conjunc- 
tion with peripheral structural components of the elec- 
tromotive bicycle according to the fifth embodiment of 
the present invention, a practical form of the fifth em- 
bodiment of the present invention will be described be- 
low. 

[0070] In place of the above-referred signal process- 
ing circuit 60 and the sensor unit 53 described earlier by 
referring to Fig. 1, the electromotive bicycle according 
to the fifth embodiment introduces another signal 
processing circuit 90 and another sensor unit 91 . 
[0071] The sensor unit 91 comprises a ceramics os- 
cillator. As shown in Fig. 14, the sensor unit 91 is man- 
ufactured by fabricating electrodes via vapor-deposition 
against two opposite surfaces of dielectric layer-built ce- 
ramics made from a predetermined material. The sen- 
sor unit 91 presses the dielectric crystal via the other 
end of the lever 52 via elastic material such as spring to 
cause resonant frequency to be varied in correspond- 
ence with actual pedaling force. 

[0072] An oscillation circuit 92 built in the signal 
processing circuit 90 generates oscillation by effect of 
ceramics oscillator substantially being the sensor unit 
91 and then outputs a sine-wave signal S1 via resonant 
frequency of the ceramics oscillator. 
[0073] As shown in Fig. 13 and Fig. 14, even when 
detecting variation of resonant frequency variable by the 
pressed oscillator, it is possible to achieve the same ef- 
fect as was secured by implementing the first embodi- 
ment. 
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[0074] Next, other forms of embodiments will be de- 
scribed below. The above description has solely re- 
ferred to the practical forms of the preceding embodi- 
ments in the case in which inductance is varied by var- 
ying inserted amount of non-magnetic movable piece 5 
53A against the air-core coil 53B. However, the scope 
of the present invention is not solely defined within the 
above forms, but, even when composing the movable 
piece 53A with magnetic material such as ferrite, it is 
possible to achieve the same effect as was secured by 10 
implementing the above embodiments. It should be un- 
derstood however that, when composing the movable 
piece 53A with magnetic material, variation of induct- 
ance against the inserted amount is inverse from the 
case of utilizing non-magnetic material. 15 
[0075] The above description has referred to one of 
the preceding embodiments in which inductance has 
been varied by varying inserted amount of the movable 
piece 53A against the air-core coil 53B. However, the 
scope of the present invention is not solely limited to this 20 
method, but, as shown in Fig. 15, it is also possible to 
dispose such a core comprising magneto-striction ma- 
terial inside of an air-core coil 93B to enable the other 
end of the lever 52 to press the core via an elastic mem- 
ber such as a spring. Even when introducing this meth- 25 
od, it is possible to vary inductance and achieve the 
same effect as was secured by implementing the above 
embodiments. r 
[0076] The above description has also described in 
detail regarding one of the preceding embodiments in 30 
which capacity has been varied by varying inserted 
amount of the movable electrodes 86B against station- 
ary electrodes 86A being disposed in parallel. However, 
the scope of the present invention is not solely limited 
to this method, but, as shown in Fig. 16 and also in Fig. 35 
17 via arrow G, when varying intervals "d" between 
plane electrodes disposed in parallel, such a method is 
conceived, which varies intervals between the elec- 
trodes by rotating them on the either side in the periph- 
ery of the reference fulcrum P. Further, as shown in Fig. 40 
18. it is also conceivably practicable to vary capacity by 
varying inserted amount of dielectrics being disposed 
between plane electrodes set in parallel with each other. 
[0077] The above description has also described in 
detail regarding one of the preceding embodiments in 45 
which resonant frequency has been varied by varying 
pressing force of oscillator However, the scope of the 
present invention is not solely limited to this method, but, 
as shown in Fig. 19 via arrow H, it is also conceivably 
practicable to vary resonant frequency by way of bend- so 
ing dielectric layer-built ceramics. 
[0078] The above description has also described in 
detail regarding one of the preceding embodiments in 
which resonant frequency has been varied by variation 
of inductance and capacity. However, the scope of the 55 
present invention is not solely limited to this method, but 
it is also conceivably practicable to vary resonant fre- 
quency by way of combining them with each other. 



[0079] The above description has also described in 
detail regarding one of the preceding embodiments in 
which variation of resonant frequency has been trans- 
mitted via a pair of rotary transformers comprising disc- 
form magnetic materials 82A and 82B being opposite 
from each other. However, the scope of the present in- 
vention is not solely limited to this method, but as shown 
in Fig. 20 in a cross-sectional view, it is also conceivably 
practicable to use such rotary transformers comprising 
cylindrical cores. 

[0080] The above description has also described in 
detail regarding one of the preceding embodiments in 
which variation of resonant frequency has been trans- 
mitted via air-core coils and rotary transformers. How- 
ever, the scope of the present invention is not solely lim- 
ited to this method, but it is also conceivably practicable 
to dispose magnetic circuit inside of the air-core coil. In 
this case, as is shown in a cross-sectional view shown 
in Fig. 21, it is also conceivably practicable to dispose 
a pair of disc-form cores in opposition from each other 
and dispose wound-wires on the opposite surfaces. Fur- 
ther, as shown in Fig. 22 via the cross-sectional view, it 
is also conceivably practicable to form wound-wires on 
the inner and outer circumferential surfaces of a pair of 
cylindrical cores. 

[0081] The above description has also described in 
detail regarding one of the preceding embodiments in 
which variation of resonant frequency has been trans- 
mitted via magnetic coupling of wound wires. However, 
the scope of the present invention is not solely limited 
to this method, but it is also conceivably practicable to 
transmit variation of resonant frequency via the coupling 
of static capacity between electrodes. In this case, as 
shown in Fig. 23 in a cross-sectional view, it is also con- 
ceivably practicable to dispose disc-form holding mem- 
bers in opposition from each other and then dispose op- 
posite electrodes by way of insulating them from the op- 
posite surfaces. In this case, as shown in Fig. 24 by way 
of comparison to Fig. 1, a signal transmission system 
can be designated. Note that the reference character C 
designates static capacity between opposite electrodes. 
Further, in this case, as shown in Fig. 25 in a cross-sec- 
tional view, it is also conceivably possible to form oppo- 
site electrodes on the opposite inner and outer surface 
of a pair of cylindrical holding members by way of insu- 
lating the opposite electrodes from each other. 
[0082] The above description has also described in 
detail regarding one of the preceding embodiments in 
which power has been supplied to the movable side via 
power collecting method by way of utilizing slip rings. 
However, -the scope of the present invention is not sole- 
ly limited to this method, but a variety of methods are 
also applicable. In this case, as shown in Figs. 26A and 
26B in a perspective view and a cross-sectional view in 
comparison to Fig. 5, it is also conceivably practicable 
to supply power by way of utilizing the rotary transform- 
ers. When utilizing the rotary transformers, it is conceiv- 
ably possible to jointly transmit variation of resonant fre- 
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quency via the rotary transformers. Further, it is also 
conceivably possible to install a battery unit on the mov- 
able side to execute operation via the power fed from 
this battery. In this case, as shown in Fig. 29, for exam- 
ple, by way of bending tip portion of the elongated other 5 
end of the lever 96 and disposing power switch 97 on 
the bent tip portion, it can be so arranged that power 
supply is implemented solely in the case in which pedal- 
ing force has been strengthened to some extent, where- 
by saving power consumption. 10 
[0083] The above description has also described in 
detail regarding one of the preceding embodiments in 
which torque has been detected by merely demodulat- 
ing a frequency-modulated signal. However, the scope 
of the present invention is not solely limited to this meth- 1 5 
od, but it is also conceivably practicable to arrange the 
relationship between torque and the signal level of 
torque-detect signal being the result of detection into de- 
sired characteristic by properly setting characteristic of 
demodulating circuit and modulating circuit at the time 20 
of effecting demodulation and frequency modulation 
whenever being required. In this case, as shown in Fig. 
28 via the reference code L1 for example, when linearity 
is considered to be of critical characteristic, as shown 
via the other reference code L2, it is possible to set the 25 
characteristic as the one critically considering sensitive- 
ness at the portion at which amount of torque remains 
insubstantial. 

[0084] The above description has also described in 
detail regarding one of the preceding embodiments in 30 
which torque-detect signal has been generated by de- 
tecting variation of frequency of a sine-wave signal S1 
via analog signal processing method. However, the 
scope of the present invention is not solely limited to this 
method, but it is also possible to generate torque-detect 35 
signal via measurement of frequency by applying coun- 
ter for example, and yet, a variety of frequency-demod- 
ulating techniques may also be applied. Further, it is also 
conceivably possible to convert the transmitted signal 
into low-band frequency when detecting frequency in *o 
this way. 

[0085] The above description has also described in 
detail regarding one of the preceding embodiments in 
which torque being the actual pedaling force has been 
detected by variation of resonant frequency. However, 45 
the scope of the present invention is not solely limited 
to this method, but it is also possible to detect variation 
of actual pedaling force via variation of voltage by pro- 
viding a variable resistor for the sensor unit. When ap- 
plying this method, a PLL circuit and a VCO may be used so 
for composing the oscillating circuit. 
[0086] The above description related to the first em- 
bodiment has referred to the case of transmitting the re- 
sult of detection of torque via frequency modulation by 
way of transmitting variation of resonant frequency. 55 
However, the scope of the present invention is not solely 
limited to this method, but it is possible to extensively 
apply a variety of modulation methods such as broad 



phase modulation method including pulse-width modu- 
lation or the like as required. 

[0087] The above description has also described in 
detail regarding one of the preceding embodiments in 
which relative position of a pair of rotary bodies has been 
varied in correspondence with actual torque by way of 
transmitting drive force via a spring. However, the scope 
of the present invention is not solely limited to this meth- 
od, but a wide variety of elastic members may also be 
used in place of spring. 

[0088] The above description has also referred to the 
preceding embodiments in which actual pedaling force 
has been detected as the actual toque by way of apply- 
ing the present invention to an electromotive bicycle. 
However, the scope of the present invention is not solely 
limited to the case of application to the electromotive 
bicycle, but the present invention can extensively be ap- 
plied to detecting torque of a variety of operating appa- 
ratuses as well. 

[0089] The above description has also related in detail 
to one of the preceding embodiments in which torque 
has been detected via a drive mechanism rotating itself 
solely in one direction. However, the scope of the 
present invention is not solely limited to this method, but 
the present invention is also extensively applicable to 
such a case in which the direction of the rotation of the 
drive mechanism has been inverted. 
[0090] As has thus been described, according to em- 
bodiments of the present invention, based on simple 
structure, the torque detecting apparatus correctly de- 
tects actual torque by way of transmitting drive force via 
a pair of rotary bodies that cause own relative position 
to be varied by torque in order to detect variation of res- 
onant frequency corresponding to variation of the rela- 
tive position under non-contact condition or by way of 
transmitting drive force via a pair of rotary bodies that 
cause own relative position to be varied by torque in or- 
der to transmit modulated signal corresponding to vari- 
ation of the relative position, thereby making it possible 
to detect actual torque with high precision. 



Claims 

1. A torque detecting apparatus, comprising: 

drive-force-transmitting means which varies 
relative position of an output-side rotary body 
against a drive-source-side rotary body in cor- 
respondence with torque byway of transmitting 
drive force from said drive-source-side rotary 
body to said output-side rotary body via a pre- 
determined elastic member; 
displacement detecting means which is held by 
one of said drive-source-side rotary body and 
said output-side rotary body and generates 
torque-modulated signal being modulated by 
torque signal in correspondence with variation 
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of said relative position; 
signal transmitting means which transmits said 
torque-modulated signal to one of a stationary 
member fixed to said drive-source-side rotary 
body and a stationary memberfixed to said out- 
put-side rotary body under non-contact condi- 
tion; and 

signal processing means which outputs a result 
of torque detection in accordance with an out- 
put signal from said signal transmitting means. 

2. The torque detecting apparatus according to Claim 
1 , wherein said torque-modulated signal comprises 
any one of a frequency-modulated signal and a 
phase-modulated signal. 

3. The torque detecting apparatus according to Claim 
1, wherein said displacement detecting means 
comprises a frequency modulating means which 
generates said torque-modulated signal by varying 
inductance and/or capacity in accordance with var- 
iation of said relative position. 

4. The torque detecting apparatus according to Claim 
1 , wherein said displacement detecting means is a 
frequency modulating means which generates said 
torque modulated signal by varying force pressing 
against an oscillator in accordance with variation of 
said relative position. 

5. The torque detecting apparatus according to Claim 
1 , wherein said signal transmitting means transmits 
said torque modulated signal via magnetic coupling 
of wound wires. 

6. The torque detecting apparatus according to Claim 
1 , wherein said signal transmitting means transmits 
said torque modulated signal via coupling of static 
capacity between electrodes. 

7. The torque detecting apparatus according to Claim 
1 , wherein power-source of said displacement de- 
tecting means is supplied from a battery. 

8. The torque detecting apparatus according to Claim 
7, wherein said battery is held by one of said drive- 
source-side rotary body and said output-side rotary 
body. 

9. The torque detecting apparatus according to Claim 
1 , further comprising power-supply means for sup- 
plying power source of said displacement detecting 
means from said stationary member. 

10. The torque detecting apparatus set forth in Claim 8, 
further comprising a switch which is provided on 
one of said power-source-side rotary body and said 
output-side rotary body in order to execute ON/OFF 



control of power supply to said signal processing 
circuit in correspondence with said relative position. 

11 . The torque detecting apparatus set forth in Claim 9, 
5 further comprising a switch which is provided on 

one of said power-source-side rotary body and said 
output-side rotary body in order to execute ON/OFF 
control of power supply to said signal processing 
circuit in correspondence with said relative position. 

10 

12. The torque detecting apparatus according to Claim 
1 , further comprising, detection result processing 
means for processing said torque-detected result, 
wherein: 

said drive-force transmitting means transmits 
drive force generated by pedaling force; 
said output-side rotary body drives one of a 
front wheel and a rear wheel via said drive 
20 force; and 

said detection result processing means gener- 
ates drive force for assisting said pedaling force 
in accordance with said result of torque detec- 
tion. 

25 

13. A torque detecting apparatus, comprising: 

driverforce transmitting means which varies rel- 
ative position of an output-side rotary body 

30 against a drive-source-side rotary body in cor- 

respondence with torque by way of transmitting 
drive force from said drive-source-side rotary 
body to said output-side rotary body via a pre- 
determined elastic member; 

35 modulating means which is held by one of said 

drive-source-side rotary body and said output- 
side rotary body and generates modulated sig- 
nal in accordance with variation of said relative 
position; 

40 signal transmitting means which transmits said 

modulated signal to one of a stationary member 
fixed to said drive-source-side rotary body and 
a stationary member fixed to said output-side 
rotary body under non-contact condition; and 
45 signal processing means which processes said 

modulated signal transmitted via said signal 
transmitting means and then outputs a result of 
torque detection. 

50 14. The torque detecting apparatus according to Claim 
13, wherein said modulating means generates said 
modulated signal in accordance with one of fre- 
quency modulation and phase modulation. 

55 15. The torque detecting apparatus according to Claim 
13, wherein said modulating means generates said 
modulated signal in accordance with variation of 
said relative position. 
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16. The torque detecting apparatus according to Claim 
1 3, wherein said modulating means generates said 
modulated signal by varying resonant frequency of 
said oscillator by varying force pressing against an 
oscillator as a result of variation of said relative po- 5 
sition. 

17. The torque detecting apparatus according to Claim 
13, wherein said signal transmitting means trans- 
mits said modulated signal via magnetic coupling of w 
wound wires. 

18. The torque detecting apparatus according to Claim 
13, wherein said signal transmitting means trans- 
mits said modulated signal via coupling of static ca- 15 
pacity between electrodes. 

19. The torque detecting apparatus according to Claim 
13, wherein power source of said modulating 
means is supplied from a battery. 20 

20. The torque detecting apparatus according to Claim 

19, wherein said battery is held by one of said drive- 
source-side rotary body and said output-side rotary 
body. 25 

21. The torque detecting apparatus according to Claim 
13, further comprising power-supply means which 
supplies power of said modulating means from said 
stationary member. 30 

22. The torque detecting apparatus according to Claim 

20, further comprising a switch which is provided on 
one of said drive-source-side rotary body and said 
output-side rotary body in order to execute ON/OFF 35 
control of power supply to said modulating means 

in correspondence with variation of said relative po- 
sition. 

23. The torque detecting apparatus according to Claim 40 

21 , further comprising a switch which is provided on 
one of said drive-source-side rotary body and said 
output-side rotary body in order to execute ON/OFF 
control of power supply to said modulating means 

in correspondence with variation of said relative po- 45 
sition. 

24. The torque detecting apparatus set forth in Claim 
13, further comprising detected-result processing 
means which processes said torque-detected re- so 
suit, wherein: 

said drive-force transmitting means transmits 
drive force generated by pedaling force; 
said output-side rotary body drives one of a 55 
front wheel and a rear wheel via said drive 
force; and 

said detection result processing means gener- 



ates drive force for assisting said pedaling force 
in accordance with said result of torque detec- 
tion. 



13 



EP 1 081 480 A2 




14 



EP 1 081 480 A2 




EP 1 081 480 A2 



FIG. 3 




RUNNING SPEED [Km/hJ 



16 



EP 1 081 480 A2 




17 



EP 1 081 480 A2 



FIG. 5A 



45 




FRAME-SIDE 



57B 



FIG. 5B 



45 



57A 



45C 45D 



7. 



57B 



FRAME-SIDE 



18 



EP 1 081 480 A2 




19 



EP 1 081 480 A2 



FIG. 7A1 



FIG. 7A2 



FIG. 7B1 




S1.S2 




S1.S2 



S3 



F1G. 7B2 riTLTLjriJi^^ 



FIG. 7C1 k_JV^V_jV_J 4 



FIG. 7C2 UUUUULXli 4 



FIG. 7D 



-S5 
S5 



0-LEVEL- 



20 



EP 1 081 480 A2 




21 



EP 1 081 480 A2 




62 




63A 








OSCIL- 




DEMODU- 


LATOR 


— >• 


LATOR 



T 

55 



MAIN-BODY SIDE 



22 



EP 1 081 480 A2 



FIG. 10 



FRAME-SIDE 
(MAIN-BODY-SIDE) 

COIL 




CRANK-SIDE 



COIL 



41 



/71 

82A ) 82B 
82 



FIG. 11 



!86 



SIGNAL PROCESSING 
CIRCUIT 

62 63 

i 1 



54A 




87 





S1 




OSCIL- 




OUT- 


LATOR 


PUT 



85 



CRANK-SIDE 



23 



EP 1 081 480 A2 



FIG. 12 



86A 



86 



86B 



FIG. 13 



SIGNAL PROCESSING 
CIRCUIT 

92 63 



54A 



OSCIL- 
LATOR 



S1 



OUT- 
PUT 




W 



90 



CRANK-SIDE 



24 



EP 1 081 480 A2 



FIG. 14 



ELECTRODE 




PRESSURE 



^ ELECTRODE 



DIELECTRIC LAYER-BUILT 
CERAMICS 



FIG. 15 



PRESSURE 
CORE 




AIR-CORE COIL 



25 



EP1 081 480 A2 



FIG. 16 




ELECTRODE 



FIG. 17 



ELECTRODE 




ELECTRODE 



26 



EP 1 081 480 A2 



FIG. 18 



ELECTRODE 



I S s s 



/ 

/ 
/ 




DIELECTRIC 



/ 

^—ELECTRODE 

r 

/ 

V S S St 



FIG. 19 



ELECTRODE 




DIELECTRIC LAYER- 
CERAMICS 



ELECTRODE 



27 



> * 

EP 1 081 480 A2 



FIG. 20 



MAIN-BODY 
SIDE 



COIL 



H UH 



CRANK-SIDE 



CRANK-SHAFT 



CORE 



w 
COIL 



FIG. 21 



MAIN-BODY-^ .CRANK-SIDE 
SIDE XE 7 ^ ffPL 



COIL 



71 



/ 



COIL 



7 

CORE- — ■/ 



CRANK-SHAFT 



CORE 



28 



♦ 



EP 1 081 480 A2 



FIG. 22 



COIL==C^SS 




MAIN-BODY 
SIDE 



> y> . /- CRANK-SIDE 

— -CRANK-SHAFT 




1ZZZZT 



FIG. 23 



HOLDING MEMBER 
MAIN-BODY SIDE 




HOLDING MEMBER 

CRANK-SIDE 
CRANK-SHAFT 

ELECTRODE 



29 



EP 1 081 480 A2 



FIG. 24 




FIG. 25 



ELECTRODE 

r¥r /~ holding member 

CRANK-SHAFT 



V>;Sr ^— CRANK-SIDE 
l>VVVV//7K ~> MAIN-BODY SIDE 
ELECTRODE 



30 



EP 1 081 480 A2 



FIG. 26A FIG. 26B 




ROTARY 
TRANSFORMER 



FIG. 27 




97 



EP 1 081 480 A2 



FIG. 28 



A 




TORQUE 



32 




33 



EP 1 081 480 A2 



FIG. 30 




34 



EP 1 081 480 A2 

FIG. 31A FIG. 31B 



23A 24 26 27 




FIG. 32 

LIGHT-RECEIVED 
RESULT 

_n n_rL_r L ~L 



TORQUE MAGNIFYING 
DIRECTION 



35 



